In evaluating disinfectants and antiseptics, it is important to know the speed with which they kill various organisms in vitro or, in the case of water-soluble products, the dilution which kills the organisms in a specified time. After a number of different techniques had been proposed, Ruehle and Brewer (1931) of the United States Department of Agriculture published a method for testing antiseptics and disinfectants which is generally known as the F.D.A. Phenol Coefficient Method and is recognised as an official method by the Association of Official Agricultural Chemists (1940) . The end point of the test is the dilution of the product which kills the organism in ten minutes but not in five. This same end point is determined for phenol as a standard. The sole criterion for establishing the death'of the organism is its failure to grow under optimum conditions. If the organism fails to grow when transferred or retransferred to a suitable medium, it is presumed to have been dead at the time of transfer.
Since there'is no positive or absolute method of ascertaining whether an organism is dead, appreciable errors can occur in determining the killing dilution, and consequently in calculating the phenol coefficient, if the bactericidal agent is so tenaciously sorbed by the test organism that even in high dilutions it completely inhibits its growth or eventually kills it because of the continued action of the sorbed agent on the organism. Unless suitable precautions are observed, a completely false end point can be obtained on account of the fact that an organism which is presumed to be dead because it fails to grow is not actually dead or, if dead, it may have been killed hours later during incubation.
The bacteriostatic action of metallic ions such as mercury, silver, and copper was recognized by Geppert (1889) , and the revival of organisms presumably dead after treatment with mercuric chloride was accomplished by Siupfle and Miller (1920) using physical means, and by Chick (1908), Engelhardt (1922 ), McCalla (1940 , and Fildes (1940) Weber and Levine (1944) in the testing of oxidizing agents and compounds containing available chlorine. The sorption of dyes by bacteria has long been recognized, and organisms treated with acriflavine were revived by McIlwain (1941) using suitable acidic materials as inactivating agents for the dye. Valko and DuBois (1944) accomplished the same result by using a high molecular anion to revive organisms treated with acriflavine as well as with surface-active cations.
In work carried out some years ago by the two senior authors on the bactericidal properties of the anionic detergents, it was found that the particular products studied did not kill the organisms fast enough to give phenol coefficients, although they were bactericidal on longer contact. At that time it was thought that germicidal soaps could be made by incorporating products like hexyl resorcinol or capryl phenol in the anionic detergent. The detergent could easily emulsify the amount of the alkyl phenol which the phenol coefficient indicated would be required to give a bactericidal solution. Contrary to expectations, it was found not only that the alkyl phenol failed to increase the bactericidal properties of the anionic detergent, but that the latter impaired the bactericidal properties of the alkyl phenol and phenol itself.
It was theorized that the inactivation of the bactericidal properties of the phenol by the anionic detergent was physical rather than chemical, and that the equilibrium existing between the phenol sorbed by the organisms and the phenol in solution had been shifted in the direction of solution by the anionic detergent, analogous to the manner in which it is shifted by increasing alkalinity. If the phenols are sorbed by bacteria, it should be possible to revive organisms presumably killed by phenol, provided a suitable physical or chemical method of inactivation could be found which would shift the equilibrium as quantitatively as possible away from the bacteria toward the solution. Similarly there is no evidence that ferric chloride is the most efficient chemical inactivator. The only reason for its selection was that no better means of chemically inactivating phenol under sterile conditions without injuring the organism has yet been found. Experiments are now under way to attempt to accomplish a more quantitative inactivation of the phenol by coupling with a diazonium salt, which might enable organisms treated with even stronger concentrations of phenol to survive.
In determining the bactericidal activity of qubstances known to be highly bacteriostatic, suitable precautions are taken by adding to the medium an agent which will chemically inactivate the germicide in solution as well as that sorbed by the organisms. These results indicate that such precautions should also be exercised in testing other germicidal agents, including phenol. It has been shown that phenol is definitely bacteriostatic and that in determining the lethal dilution an error of the order of magnitude of 20 per cent is obtained if this bacteriostatic effect is not taken into account. It is possible that this error might be appreciably greater if a more nearly quantitative means of inactivating the phenol were available.
The phenol coefficient method was originally designed for testing only phenolic compounds. It is being used extensively as a means of evaluating the bactericidal properties of all types of water-soluble disinfectants and antiseptics. The method has been criticized because consistent results are not always obtaaned. These discrepancies have been attributed by Brewer (1944) to variations in the medium, the test organism, or the transfer loop. Variations in any one of these three factors could lead to a revival of the organisms in one test and not in another if some of the organisms were not dead but only impaired when transferred. If the theoretical end point, which is the dilution at which all organisms are actually dead at the time of transfer, can be reached, then no growth due to revival of impaired organisms is possible regardless of variations in any factor.
There has been a tendency to accept the phenol coefficient test as a fixed method. It is at best a standardized empirical method of approaching the determination of the dilution of a product which kills a particular organism in a definite period of time. Essentially the same technique is used to determine the time required by less powerful bactericidal agents to cause death. Regardless of the relative merits of quick versus slow killing in the treatment of infections on or within the body, the bactericidal potency measured in terms of rapidity of action is important in the disinfection of inanimate objects. If it is accepted that the killing time is best measured by modifying present methods of testing, then it appears that the best way of approaching the theoretical end point is by adding to the subculture medium an inactivating agent for the particular type of germicide being tested, thereby insuring optimum conditions for revival of organisms that have only had their activity impaired but have not been killed. The more quantitatively this inactivation can be accomplished, the closer will the experimental end point approach the theoretical end point, and the greater will be the reproducibility in determining phenol coefficients. But there is no assurance that the inactivating agents here suggested are the best available. Both Staphylococcus aureus and Eberthella typhosa can be revived after treatment with dilutions of phenol that have heretofore been considered lethal. This revival can be accomplished physically by adding charcoal, or chemically by adding ferric chloride, to the subculture medium.
The dilution of phenol which kills Staphylococcus aureus in ten minutes but not in five is 1: 65 in regular F.D.A. medium. This end point shifts to 1: 55 or 1: 50 depending upon whether activated charcoal or ferric chloride is used to inactivate the phenol sorbed by the transferred organisms. The same end point for Eberthella typhosa shifts from 1:80 for F.D.A. medium to 1:65 when inactivated with ferric chloride.
